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[57] | ABSTRACT

An alkaline secondary battery comprising a negative com-
prising cadmium, zinc or iron or an oxide or thereof or a
hydrogen absorbing alloy, a positive electrode comprising a
metal oxide or a metal hydroxide, and a separator, which are
all impregnated with an electrolyte comprising an alkaline
aqueous solution is disclosed, wherein the separator 1s made
of a polyolefin fiber sheet which has a wicking rate of pure
water of at least 10 mm per 2 minutes when one end of the
sheet 1s dipped in pure water at 20° C. and 60% RH. Since
the separator 1s chemically stable and exhibits sufficient
hydrophilic properties, the battery retains a high electrode
utilization even at a high rate discharging and has a practi-
cally sufficient cycie life.

2 Claims, 1 Drawing Sheet
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1

PROCESS FOR PRODUCING A WIND-TYPE
ALKALINE SECONDARY BATTERY

This 1s a divisional of application Ser. No. 08/233,299
filed Apr. 26, 1994, now abandoned.

FIELD OF THE INVENTION

The present invention relates to an alkaline secondary
battery and more particularly an alkaline secondary battery
using an improved separator for holding an clectrolyte.

BACKGROUND OF THE INVENTION

A scparator of alkaline secondary batteries 1s required (1)
to hold an alkaline electrolyte, (2) to separatc a positive
clectrode and a negative electrode, (3) to withstand winding
tension, {(4) to cause no shortcircuit between positive and
ncgative electrodes, (5) to allow ions and water to migrate,
and (6) to allow gas produced to permeate.

Conventionally used separators of alkaline secondary
batteries include polyamide nonwoven fabric and polyolefin
nonwoven fabric having been madec hydrophilic by a chemi-
cal treatment, grafting or application of a surface active
agent (see JP-A-58-94752, JP-A-61-78053, JP-A-64-86445,
JP-A-2291665, and JP-A-4-167355, the term “JP-A” as used
herein means an “‘unexamined published Japanese patent
application”).

Polyamidc nonwoven fabric, though excellent in hydro-
philic properties, undergoes hydrolysis in an alkaline elec-
trolytc, and the hydrolysis product reduces the capacity
retention during storage as pointed in H. W. Lim, et al.,

Proceedings of the 27th Power Sources Conference, pp.
83-85 (1976).

Polyolefin nonwoven fabric endowed with hydrophilic
propertics by a chemical treatment or grafting has become
brittic duc to the treatment as reported in Morn, et al.,
KOBUNSHI RONBUNSHU, Vol. 48, No. 1, pp. 1-9 (Janu-
ary 1991). As a result, shortcircuits tend to occur during
clectrode winding or on charging or discharging. Besides, an
additional step is required for disposal of the waste treating
liquid.

Polyolcfin nonwoven fabric having been rendered hydro-
philic with a surfacc active agent has disadvantages. that the
applicd surface active agent 1s ecasily dissolved in the elec-
trolyte, resulting in a lowering of capacity retention during
storage as discussed in JP-A-64-57568 and that the internal
resistance of the battery tends (o increase with lowering of
capability of holding the electrolyte, resuliing 1n a discharge
volltage drop or a lowering of the utilization of the active
matcnal.

SUMMARY OF THE INVENTION

Accordingly, one object of the present invention 1s to
providc an alkaline secondary battery having a high capacity
rctention during storage and an extended cycle life, in which
a polyolefin fiber sheet having been rendered hydrophilic
without being accompanied by impairment of fiber charac-
teristics, such as strength, is used as a separator.

Another object of the present invention is to provide a
process for effectively producing such an alkaline secondary
battery.

The present invention provides an alkaline secondary
battery comprising a ncgative electrode comprising cad-
mium, zinc or iron or an oxide or hydroxide thereof or a
hydrogen absorbing alloy, a positive electrode comprising a
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metal oxide or a metal hydroxide, and a separator, the
negative electrode, positive electrode and separator being all
impregnated with an electrolyte comprising an alkaline
aqueous solution, wherein the separator 1s made of a poly-
olefin fiber sheet which has a wicking rate of pure water of
at least 10 mm per 2 minutes when one end of the sheet is
dipped in pure water at 20° C. and 60% RH.

The present invention also provides a process for produc-
ing an alkaline secondary battery comprising a negative
clectrode comprising cadmium, zinc or iron or an oxide or
hydroxide thereof or a hydrogen absorbing alloy, a positive
clectrode comprising a metal oxide or a metal hydroxide,
and a separator, the negative electrode, positive electrode
and separator being all impregnated with an electrolyte
comprising an alkaline aqueous solution, which comprises
subjecting a polyolefin fiber sheet to a plasma treatment {o
make at least the surface of the sheet hydrophilic and
forming the treated sheet into a separator.

BRIEF DESCRIPTION OF THE DRAWING

The Figure shows a cross section of an alkaline secondary
battery.

DETAILED DESCRIPTION OF THE
INVENTION

The polyolefin fiber sheet which can be used in the present
invention as a separator has a wicking rate of pure water of
at least 10 mm/2 min as measured according to the test
method of water wicking rate specified in JIS P-8141

- (Klemm method). The separator comprising such a polyole-
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fin fiber sheet 1s chemicaily stable and exhibits sufficient
hydrophilic properties. The alkaline secondary battery using
this separator has a sufficient cycle life for practical use and
suffers from no reduction in electrode utilization even on
discharging at a high rate, such as 3C discharging. A
preferred wicking rate of pure water is 30 mm/2 min or
more.

It is preferable that the surface of the polyolefin fiber sheet
has an O/C atomic ratio of from 0.05 to 0.7 as measured by
X-ray photoelectric spectrophotometry (hereinafter abbrevi-
ated as “XPS”’). The O/C atomic ratio between 0.05 and 0.7
indicates suflicient introduction of hydrophilic groups, such
as a hydroxyl group, a carbony! group, a carboxyl group, an
amino group, and an imino group. According to this pre-
ferred embodiment, the separator shows further improved
hydrophilic properties in the alkaline electrolyte.

It is also preferable that the polyolefin fiber sheet contains
conjugate fibers having a sheath/core structure with poly-
ethylene as a sheath and polypropylenc as a core. According
to this embodiment, the polyethylene sheath functions as a
heai-fusible component to provide a separator with higher
mechanical strength, The polyolefin fiber sheet may solely
consists of such conjugatc fibers.

According to the process of the present invention, the
above-described alkaline secondary battery can be produced
ethiciently and rationally.

In the present invention, the separator comprises a chemi-
cally stable polyolefin fiber sheet in the form of nonwoven
fabric, woven fabric or knitted fabric, the surface of which
is rendered hydrophilic. Therefore, the separator contains no
impurity as has been conventionally incorporated through a
chemical treatment or grafting and retains its hydrophilic
properties for a prolonged period of time. The alkaline
secondary battery of the present invention thus has a high
capacity retention during storage and an extended cycle life.




The polyoleﬁn ﬁber sheet sneh as nonwoven fabrte

T suttably has a nominal pore size of from 1 to 200 pm, a'-_f'--”
S -porosrty of from 30 to 80%, a th1okness of frorn 20 to 500..;"
.. um,a ﬁbnl drarneter of from l to 100 pm and a basls werght-;;
T of from 5 to 100 g/m?.- ER o S
o Surtable polyoleﬁns for eonstttutlng the polyoleﬁn ﬁberj"_' )
~ sheet include hydrocarbon polyolefins, such as polypropy-—f'--*"

e lenc and polyethylene, and fluorine-containing polyolefins, Inay SCrve as a separator.

“The present invention will 1 now be 1llustrated in greater_j”f.?: o
| --3detarl with reference to Exarnples but it is to: be understood. .

- of pure water tends to be too small- for some unknown
- reasons. Addtttonally, sultabrltty as a nonwoven fabric sepa-
‘rator, such as: breakrng strength or elongatton would pe -

n ';"-”5".'-"_tn1pa1red and it follows that shortcircuiting tends to occur ~ with the product of radiofrequency output density and

" when the.separator is wound up mgcthcr wnh Shem elec__,ﬂ-_ treatmg time being 0.1, 1.0, 5.0, 10.0, 30.0 or 50.0W-sec/

SR trodes 1o assernble a battery

~The surface of the P01YO16ﬁn ﬁber sheet can be rendered'--”'f.. :

e hydrophllte by a plasma treatment under specific conditions. -

- The plasma treatment can be carried out by using an

~apparatus equppCd wrth 2 pair of - electrode plates fOI‘_'__":-:":"TabIB below. .

. providing a radlofrequeney field. Apolyoleﬁn fiber sheet, for

- example, a nonwoven sheet, is placed between the pair of -

~ clectrode plates, and after evacuation to 1.3 mPa, a pre-

- scribed gas, e.g., 0., is introduced. While keeptng the inner

.7 pressurc of the apparatus between 1.3 Pa and 1,300 Pa,

- preferably between 1.3 Pa and 270 Pa, aradtofrequeney field

~ (from about 5 to 50 MHz) is applred in such a manner that -

-a produet of rad1of requeney output dens1ty and treattng time S

- mayrange from 0 1 o SOW see/em preferably frorn O 1 to,'; o
o 10Wesee/em®. T

- Ifthe product of radrofrequeney output densrty and treal-

| '_'ii_"lng time is less than 0.1W- see/orn hydrophr]re propert1es..jf -

- acquired tend 10 be 1nsuﬁie1ent maktng it difficult for -

- suflicient ions and waler to migrate for clectrode reactions.

- Ifitis too high, hydrophtlle properttes attained tend to be

- insufficient. In addition, the fibrils are apt to be cut or

. deformed duc to heat or shnnkage which casily leads toa

| treated and each. electrode 18 100’ short, the fibers wrll bei.
- exposed to very high densrty plasma and be easily cut. To

o "group, such as a hydroxyl group, a earboxyl group, an amiro
- group oran 1Mino group, 18 1ntrodueed into the surfaee of the'
D f’polyoleﬁn ﬁber sheet to Inal(e the surlaee ol" the sheet*_:_

..............
R H T =i Tt
--------

- such as polyvrnyhdene fluoride. These polyolefins may be = -
- used either individually or as a mixture thereof (polyblend).
o .__j"ConJugate fibers hawng a sheath/eore strueture or any other..‘.j e
~ structures may be used. . : -

- Where NonWOVven. fabrte eompnsrng ﬁbers at least the
- surface of which consists of polyethylene for exarnp]e o

e _'polyethylene fibers or eon_]ugate fibers havmg a polyethyl- i
-~ ene sheath, is used, it is preferable to subject the nonwoven

~ fabric 1o a treatment for rendenng hydrophilic so as to. have. -

10

o . a surfaee O/C atomic ratlo of from 0.05 to 0.7 as measuredf-:_:._..; R
- byXPS. If the O/C ratio is less than 0.05, the sheet may have fibers (average fiber diameter: 20 um) having a sheath/core
_-'_'__;tnsuﬂietent hydrophthe properties, tendtng to fail to have a.
© . wicking rate of purc water of at least 10 mm/2 min. A battery = R
. usinga separator havlng a wrekrng rate of pure wator ofless plasrna treatlng apparatus in parallel with-the electrode_-; —
| o ;plates al a distance of 10 em from each eleetrode After;_- T

. ~than 10 mm/2 min cannot perforrn sufficient funetlon inhigh - - I
| evaeuatrng the apparatus to 1 3 mPa, oxygen was: fed ata

- iraiedisch If the O/C rati ds 7, the wicking rate SR
~ ratedisc arging. © ratio exceeds ewrc ng rate .12'5'1 flow rate of lO ern3/nun (STP Standard Temperature and SR
-Pressure) to an inner pressure of 1.3 Pa. The nonwoven

~ fabric was plasma—treated ata radlofrequeney of 13.56 MHZ a

3we1ght aqueous solution of potassium, hydroxrde and spi- -

|  shortcircuit between eleetrodes or makes assernbly 1nto a-.'.'f
__;-;--'ﬁ'.._'_battery difficult. - | ) S e T
~If the total gas pressure exeeeds 1 3 kPa the plasma'

| 55-.-'j*--a theoretteal capacity of 1800 rnAh

* Positive elcctrode 1 and ‘negative electrode 2 wrth sepa-i..f
. rator 3 therebetween were' splrally wound up to-forma .

T 1nten51ty becomes too high, tending. to eause eotttng of the'_-
-ﬁbnls to thereby induce a shortcircuit.

o If the distance between the polyoleﬁn ﬁber sheet 10 beﬁ.ﬁj‘._' TR
- spirally wound-cell 4. Spirally wound cell 4 is putin battery oL
o | 605_:'.5.'ean 5 wrth 1nsu1ator 13 at the bottorn and 1nsu1ator 14 at the B
- avoid this, the dtstanee from an electrode to the sheet 18, set:" o LUP R ) TR | | |

."frorn I to 20 cm; preferably from 2 to 10 crn | B
By the above- deserlbed plasma treatment, a hydrophthe---f |
o battery can S 18 sealed by sealrng hd7 and ring gasket 6.

s

The separator aeeordtng io. the present 1nventton has an a1r_f B
-perrneabrhty of 20 sec/100 cm® or less: and preferably 0.1
- sec/300 cm® or more as measured 1n aeeordanee wrth JIS L

© P-8U7(Gadey method).
The above deserrbed Plasrna treatment does not need to
‘:‘"'be done over the enttre fiber sheet, and a polyoleﬁn fiber - |
__."_sheet a part of which has been subJeeted to the treatment

 that the present invention should not be eonstrued as betng _- N
| :_lrn‘uted thereto All the parts are by wetght L |

EXAMPLES l TO 6

o : Strueture with polyethylene asa sheath and Polypm pylene as :. | _-
. .a core was plaeed between a pair of electrode plates ofa

30 cm”. The thus treated nonwoven sheet was taken out of the-:_
o apparatus and cut to size to obtain a separator . S
The wicking rate of pure water and the 0/C ratio (as_ ERRTTE

'- -.i"measured by . XPS) of the resulttng sheet are shown 1n the o

The resulttng separator .was 1mpregnated wrth a 30% by_i-'

~rally wound ‘up. together with a sheet electrode of sintered

- nickel as a positive electrode and a sheet eleetrode ofa

- sintered hydrogen absorbtng alloy as a negative electrode 10 e

40

- the Figure. | | ; o
- The details of the battery shown in the thure w111 be-'[ R

explained below. In the Figure, numerals 1 to 14 indicatea

~~ positive electrode, a negative eleetrode a scparator, a spi-
45

asscmblec an AA 31ze alkaltne seoondary battery as shown in

' rally wound cell, a battery can, a ring- gasket a seahng lid, -
. a terminal plate, a- sealtng plate, a metallic spring, an
"obturattng clement, a positive electrode - lead ‘a bottotn T
- 1nsulator and a top 1nsulator respeetwely S

~ Positive electrode 1is a 39 mm wide, 82 mm ]ong and R
¥ 0.66 mm thick sheet of sintered nickel containing nickel - -
'-T_ij.-'hydroxrde as an aetwe materlal POSILWC electrode 1 has a -
theoretical capacity of 1160 mAh. Negattve electrode 2isa .
41 mm wide, 111 mm long, and 0.30 mm thick sheet of a~
~sintered hydrogen absorblng alloy.. Negattve eleetrode 2 has”.-:__---?-i S

- After 1nsert1ng sptrally wound cell 4 rnto battery can 5

3 with insulator 13 at the bottom, a 30% by wetght aqueous e
. solution of potassium hydroxide is pO_l_-l._fﬂ_d into battery Cans o

.........

Polyoleﬁn ﬁber nonwoven fabrte (thtokness 150 pm
"porosrty 61%; basis werght 55 g/m*> ) comprising conjugate”li e

S ng gasket 6 is ntade of nylon 66 Sealtng 11d 7 1s rnade'-f |
-of terminal plate 8 and sealing plate' 9. The opentng of
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and insulator 14 is fixed thercon. Groove 5a is then formed
at the upper part of battery can § so as to have a ring
projection toward the inside, and ring gasket 6 and sealing
lid 7 are put on the projection. The opening of battery can 5
is then pressed inside for sealing. |

Terminal platc 8 has outer gas releasing hole 84, and
scaling plate 9 has inncr gas releasing hole 9a. Between
terminal platc 8 and sealing plate 9 is placed metallic spring
10 and obturating element 11. The periphery of sealing plate
9 is bent inward so as to clamp terminal plate 8 to form
scaling lid 7.

Metallic spring 10 presses obturating element 11 down to
obstruct inner gas releasing hole 9a in an ordinary situation.
Where gas is evolved within the battery to abnormally raise
the internal pressure, metallic spring 10 is constricted to
provide a gap beiween obturating element 11 and inner gas
rcleasing hole 9a. The gas 1s thus released outside through
inncr gas releasing hole 9a and outer gas releasing hole 8a
to thereby prevent the battery {from being ruptured.

In Examples, 100 batteries having the above-described
structurc were prepared using each separator. The number of
rcjected batteries due to a shortcircuit was zero. Further, the
utilization at a high rate discharging, the capacity retention
during storage at 20° C. for 30 days, and the cycle life were
measured according to the following methods. The results
obtained arc shown in the Table below.

1) Utilization at High Rate Discharging

The batiery was charged at 0.1A for 15 hours in an
atmospherc of 20° C. and then discharged at 0.2A to a final
discharge volitage of 1V. The charging and discharging were
repeated thrce times, during which the battery was stabi-
lizcd. Afier stabilization, the battery was finally charged at
0.1A for 15 hours and then discharged at 3A. The discharge
capacity was obtained from the time required until the
discharge voltage was reduced to 1.0V. The utilization at a
high rate discharging was obtained from equation:

Utilization at High Rate Discharging (%)=

[Discharge capacity at 3A discharge/Loaded Capacity
(=1160 mAh )x100

2) Capacity Retention

The battery was charged at 0.1A for 15 hours at 20° C. and
then discharged at 0.2A to 1V. The charging and discharging
were repeated three times, during which the battery was
stabilized. The discharge capacity at the third discharging
was taken as an initial discharge capacity. The thus stabilized
battery was finally charged at 0.1A for 15 hours and stored
at 20° C. for 30 days. The battery after storage was dis-
charged at 0.2A to mcasure the discharge capacity after the
storage. The capacity retention during storage was calcu-
lated from ecquation:

Capacily Retention (%)=

[Discharge capacity after storage/Initial discharge
capacity]x100

3) Cycle Lile

The battery was charged at 0.1A for 15 hours at 20° C. and
discharged at 0.2A to 1V. The charging and discharging were
repeated 3 times, during which the battery was stabilized.
The initial discharge capacity was obtained in the same
manner as described in (2) above. Then, the thus 1nitialized
batiery was rcpeatedly subjected to 1.2 hour-charging at 1A
and discharging at 1A to 1V (within 1.2 hours). The number
of the charging/discharging cycles until the discharge capac-
ity was reduced to 80% of the initial discharge capacity was
taken as a cycle life.

As is shown in the Table, the separators had an O/C
atomic ratio of from 0.05 to 0.7 and a wicking rate of pure
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6

water of 10 mm/2 min or more. No shortcircuit took place
during battery assembly. All the batteries showed satisfac-
tory characteristics as having a utilization of 80% or more at
a high rate discharging, a capacity retention of 80% or more,
and a cycle life of 500 or more.

EXAMPLE 7

A polyolefin nonwoven sheet (thickness: 150 um; basis
weight: 55 g/m?; porosity: 61%) comprising 80 parts of the
same conjugate fibers as used in Example 1 and 20 parts of
polypropylene fibers (average fiber diameter: 20 um) was
subjected to a plasma treatment under the same conditions as
in Example 3 (radiofrequency output densityXxireating time—=
5.0 W-sec/cm?). The treated sheet was cut to prepare a
separator for an alkaline secondary battery.

The wicking rate of pure water and the O/C atomic ratio
of the resulting separator are shown in the Table. A battery
was assembled by using the separator in the same manner as
in Example 1. The occurrence of a shortcircuit during the
assembly operation and the resuits of evaluation of perfor-
mance as a battery are also shown in the Table.

As can be seen from the Table, the O/C atomic ratio was
0.12. While the separator had a wicking rate of pure water
of 28 mm/2 min, which was slightly lower than that in
Example 3 in which a nonwoven sheet solely consisting of
the fibers having a sheath/core structure, the battery had a
utilization of 81% at high rate discharging and a cycle life
of 500 or more, which are equal to those of Examples 1 to
6. No shortcircuit took place during the assembly operation.

EXAMPLE 8

A polyolefin nonwoven sheet (thickness: 150 pm; basis
weight: 55 g/m?; porosity: 61%) comprising S0 parts of the
same conjugate fibers as used in Example 1 and 50 parts of
polypropylenc fibers (average fiber diameter: 20 pm) was
subjected to a plasma treatment under the same conditions as
in Example 3 (radiofrequency output densityXtreating time=
5.0W-sec/cm?®). The treated sheet was cut to prepare a
scparator for an alkaline secondary battery.

The wicking rate of pure water and the O/C atomic ratio
of the resulting scparator are shown in the Table. A battery
was assembled by using the separator in the same manner as
in Example 1. The occurrence of a shortcircuit and the
results of evaluation of performance as a battery are also
shown in the Table.

The O/C atomic ratio was 0.10. While the wicking rate of
purc watcr was 25 mm/2 min, which is slightly lower than
that in Example 3 in which a nonwoven sheet solely com-
prising the fibers having a sheath/core structure, the battery
had a utilization of 81% at high rate discharging and a cycle
life of 500 or more, which are equal to those of Examples 1
to 6. No shortcircuitl took place during the assembly opera-
tion.

COMPARATIVE EXAMPLE 1

The same polyolefin fiber nonwoven fabric as used in
Example 1 was subjected to a plasma treatment 1n the same
manner as in Examples 1 to 6, except that the product of
radiofrequency output density and treating time was
0.08W-sec/cm®. The treated sheet was cut to prepare a
separator for an alkaline secondary battery.

The wicking rate of pure water and the O/C atomic ratio
of the resulting separator are shown in the Table. A battery
was assembled by using the separator 1in the same manner as



COMPARATIVE EXAMPLE 2

| '55ﬁ&&9f__'

S in Examples 1o 6. The oceurrence. ef a shertelreult durmg
~ the assembly- eperauen and the results: of evaluanen of
R perfermanee as a battery arc also shewn mn the Table

- The. separater had an- ‘O/C atomic ratre ef 0. 04 and a
o w1ckmg rate of pure water as low as 2 mm/’2 min. As a result,
| ~ the battery had a ut1l1zat1en of 2% at high. rate d1sehargmg .

| 15
L The same- pelyeleﬁn ﬁber nenweven fabne as ased inooo
o '*_*_;]..,xamples | to 6 was subjeeted toa plasma treatment in the - -

- same manner as.n Examples 1106, except that the preduet:"_[_._..

el" rad1efrequeney output densztty and treating. ttme was set at

20 preduet caused an increase in self drseharge As aresull, the

eapamty reteatlerl durmg storage was as low as 45%, reveal-i: R -

COMPARATIVE EXAMPLE 4

The w1ek1r1g rate ef pure water ancl the O/C aterme ratle'__: .
| '_ef a pelyamrde ﬁber rlenweven sheet (thlekness 150 pm;
._:;,ba31s we1ght 65 g/m peresny 62%) are shewn in: the:.:_;'"
AR »ITm Abu, bled: the t o
| cand a eyele hfe ef 370 Wthh are mfener to those of = D ¢ ery was assem . by usmg e shee as
| _,'..'Examples 1 to 8. Slnee reduetlens in breakmg strength or. .
s 'elengatren of fibers due to the plasma treatment were very
*small, no shorteircuit took place during assembly into ‘a
o _'_"'_-'.battery The capaerty retentlen ef the battery was equal te:_l}';‘j‘-'_* |
- that ef Examples 1 to 8. o -

separater in the same manner as in Examples 110 6. The -
~ pccurrence ef a shertelrcmt and the results of evaluatten en o

'-f'-.102_-.;__'-perf0rmanee as a battery are alse shewn in the Table.

SRR The polyarmde ﬁber nenweven sheet exhtblted satlsfae-."i
- -tery hydrophilic propertres as mdteated by the ‘wicking rate: R
~ of pure water of 30 mm/2 min. The battery obtained had a
'uttltaatlen ef 80% ata hlgh rate dtsehargmg and a eyele 11fe';.'fj_'__.__ RIS
of SOO or- more s1m1lar]y to these of Examples 1 t0 8.
Nevertheless the pelyamlde fiber nenweven sheet under—

= ~ went hydrol; alkaline clectrolylc, and the hydrolysis
W .sec/cm®. The treated sheet was cut te prepare a sepa-—. - went hydro ys1s inanalka me electro 4 e and the hydro ySIS .

o - rator for an alkalme secondary battery

. The O/C atemte ratio and the. wreklng rate ef pure water-{'*'_"i{-'-_',-.-'
. of the resultmg separator are shown in’ the Table. The_”-"'f_".

--'-'_mg that the sheet was unsmtable as a separater ef a sterage--_;_ o -
o separater was- assembled 1nte a battery m the same manner"-- - N . | -

__?_:battery

"'1ama1

0 Plasma
- Exarnple

e Treatment )
| - No. (W scr:fcm) - Ratio.

L OJC" - ratcof - of -
Aternre .

‘ Oeearrenee B Utiliza‘ti‘en R
Capaelty
- Pure Water Shertelremt Retentlen | Dtseharﬂmu - lafe
(mme mm) o (/10[}) (%) s (%) | (umes)

WIC](.IHU

S Example 1 0 I }
| -"j}_'Example 2 o 0
- "_“_._ZExarnple 4 e _10.10;"
 Bxamples 300
Example 6 . - 500
. Example7 50
 Example8. . 50
-+ Comparative =~ 008
- Example'1 A
~Comparative = = - '5‘5.-_0
Example2
- - Comparative . —
~ Example 3
R 'Cemparatwe- e e
"’.'_'j_Examplef-’l T

at High Rate '.cyae_-_ L

013 |
015
- 035

043

ﬁ_' 0 04

';31.5. o
30

C3L

AL
18 -
25

cococoooo|

_81___:..1.-

o8
82

. :S_l':'- 5
720

| _' "81
L '_3_3._.
S 83
Coo82

-'_'_E"SOD o
2500 -
=500 0

25000
L2500
2500
CEs00

30

| 016 30 0 80 45 2500 o

COMPARATIVE EXAMPLE 3

T The wwkmg rate of pure water and- the O/C atermc ratle:;_-
e -ef the polyolefin fiber nonwoven sheet used n Examples 1
. f_te 6 (before being subjeeted o a plasma treatment). are.;j

~ shown in the Table. Because of lack of hydrophilic proper--

~ ties, this sheet was of no use as a separator so that a battery'?“ -

S 'was not prepared in. Cemparatwe Example 3 e

L as in E'Xamble's"l' {0 6. :Theleeeurreaee ol a"s'herteireait’aadf-.; o
- the results of evaluauen en perfermanee as a battery arc
o '---_-shewn in the Table o o : |

o The O/C atomic rat1e was 0 75 wh1eh 1S h1gher than these;
Coin Examples 1.to 8. However, the wrekmg rate of purc water
~was as low as 2 mm/2 min. As a result, the batlery had a
- utilization of 74% al a high rate d1sehargmg and a cyele life

- of 420, which are lower than those of Examples 1to 8. Thef..f
- capacity retention was 81%, which is equal to thosc of
- Examples 1 to 8. However, 6 out of 100 batteries underwent-:-ff," .
- shortcircuiting on assemblmg due te euts of ﬁbers caused by
o 'jf_-fthe plasma treatment = Lol

on- assembly and was inferior in utilization at high rate

" discharging and cycle life on account of shortage of hydro-

65

phrhc properiies of the- separater The pelyeleﬁn ﬁber sheet :

- of Comparative Example 3 cannot be used as a separator
because of lack of hydrephthe properties. The battery of

| Cemparatlve Example 4, in which pe]yarmcle nonwoven - -
~fabric was used as a separator, involved no shertetrcmt on
'-'--'-?"-'1assembly and was equal o these ef Examples 1 to 8 1n IO

C o420 o

As 18 apparent l’rom the reselts shewn in the Table abeve Sl
the batterics of Examples 1 t0 8 using the separalor accord- .
~ ing to the present invention undergo no shortcircuit during .

<o assembly -and cxhibit superior characteristics, such as a
‘utilization of 80% or hrgher al a hlgh rate dlsehargmg,
| f-eapaetty retention of 80% or higher, and a cycle life of 500_ .
- or more cycles. The battery of Cemparatwe Examplec 1 was -
__ iequal to those of Examp]es 1 to 8 interms of freedem frem R
| i--.-sherterrcmtmg during. assembly and’ capaerty retention dur-- .
ing storage. However, it was inferior in utilization at a high -~ .
- rale dlsehargmg and eyele hfe on account. of shertage of -~
. hydrophilic properties of the separator. The batiery of Com-
-~ parative Example 2 was equal to those of Examples 1108

- in terms of capacity retention but underwent a shortcircuit =
60 -
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utilization at high rate discharging and cycle life but proved
cxtremely inferior in terms of capacity retention during
storage.

As described and demonstrated above, the present inven-
tion provides a battery which undergoes no shortcircuit on
assembly and exhibits excellent performance in utilization at
high rate discharging, capacity retention, and cycle life.

While the invention has been described in detail and with
reference to specific examples thereof, it will be apparent to
onc skilled in the art that various changes and modifications
can be made therein without departing from the spint and
scope thereol.

What is claimed ts:

1. A process for producing a wind-type alkaline secondary
battery comprising of a negative electrode comprising cad-
mium, zinc or iron of an oxide or hydroxide thereof or a
hydrogen absorbing alloy, a positive electrode comprising a
metal oxide or a metal hydroxide, and a separator, said

3

10

13

10

negative electrode, positive electrode and separator being all
impregnated with an electrolyte comprising an alkaline
aqueous solution, which comprises forming said separator
by subjecting a polyolefin fiber sheet having an initial O/C
atomic ratio of 0 as measured by XPS to a plasma treatment
to provide said sheet with an O/C atomic ratio of from (.05
to 0.7 and to make at least the surface of said sheet

hydrophilic to have a wicking rate of pure water of at least
10 mm per 2 minutes when one end of the sheet is dipped

in pure water at 20° C. and 60% RH, and forming the treated
sheet into said separator.

2. A process for producing a wind-type alkaline secondary
battery as in claim 1, wherein said polyolefin fiber sheet

contains conjugate fibers having a sheet/core structure with
polyethylene as a sheet and polypropylene as a core.

- T S T T
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